and Howell and Loy (1968) have described the 'fruit machine' method of diagnostic coding which, using a large computer, will code at the rate of 2,000 diagnoses a minute. More recently, the Medical Research Council's Computer Unit has undertaken reprogramming and extension of this 'fruit machine' method to enable coding to be carried out on a medium-sized machine, currently at the rate of about 60 diagnoses a minute. The data from the present series were processed by courtesy of the Medical Research Council.
The Research and Intelligence Unit of the Scottish Home and Health Department suggested that a comparison be made, using Scottish morbidity data, of the merits of machine and manual coding.
The objects of the study were to examine approximately 25,000 hospital discharge summaries:
(1) to assess the present accuracy of manual coding over various diagnostic ranges for the different regional boards;
(2) to compare the accuracy of machine and manual coding; (3) to assess the feasibility of future machine coding of Scottish morbidity data, i.e., to establish that automatic coding is operational on 'real data '; and (4) to provide further information which would be used to update the fruit machine dictionaries, i.e., to make them more comprehensive.
METHODS
The Scottish Home and Health Department randomly selected some 25,000 hospital discharge forms (S.M.R.1) from the first seven months of 1968. Mental hospitals were not included in these returns nor were obstetric cases. Basic information, including up to three diagnoses in plain language and the manual coders' code numbers (ICD 8th revision), was transferred to punched cards. Space was left on the punched cards to permit the computer insertion of the code numbers given by the machine after its reading of the diagnoses. A further computer run produced tables by regional hospital board area and by diagnostic grouping for those patients for whom there was agreement between the manual and machine codes. Where the machine failed to code or where there was a difference between the manual and machine code numbers, the punched cards were scrutinized manually as the machine was unable to decide where the error lay. Where the machine and manual codes differed, error detection was normally not difficult since the machine had generated a list of almost 10,000 different diagnostic phrases which had been individually checked by the Office of Population Censuses and Surveys. A small number of doubtful differences was referred to the OPCS for a second opinion.
RESULTS
Section 1 of Table I shows quite clearly that machine coding in this survey was nearly 10% more (643 9). It may be that coders had not adjusted to the differences in the 7th revision where mention of sepsis involved the third digit rather than the fourth. Abortion without mention of sepsis then fell under 650 and abortion with sepsis under 651. The position may have further changed because of the introduction of the Abortion Act, which was not operative at the time of these hospital discharges.
There was a high error rate in the coding of mental disorders but the number of cases was small, and no particular diagnosis was consistently misconstrued. Diseases of the circulatory system had a high error rate and some coders did not appear to appreciate the difference between coronary ischaemia and coronary infarction. The fourth digit appeared to present difficulties to some coders, and it was not unknown, where a patient had two circulatory diagnoses, to find one coded as with hypertension and the other coded without hypertension. Prolapsed intervertebral disc was frequently coded as 725-1 rather than 725-9 at some hospitals.
Re-scrutiny of the data to compare manual and machine coding using the first three coding digits only showed a substantial fall in the manual coders' error rate from 17% to 11%. The original manual error rate was roughly halved on a three-digit comparison in the following diagnostic groups:
Mental disorders Nervous system and sense organs Circulatory system Genitourinary Complications of pregnancy, childbirth, and the puerperium Congenital abnormalities. Greenwood (1971) not only looked at other programming methods for his Kodiac but also relaxed one important condition in the original program. Originally this required the identification of a code number common to all individual diagnostic words, other than connective words such as 'from', 'and', 'the', and so on, which were deleted by the program, or words such as 'acute', 'chronic', 'left', and 'right' which only occasionally affected the code number when only the code numbers which were relevant were stored. Greenwood therefore chose a 'best fit' method rather than the original 'exact fit'; this relaxation meant some storage savings at the expense of an increase in the proportion miscoded (miscoding often restricted to the fourth digit), which in any case would be far less than the error rate of manual coders. Those who regard this error rate (3 5%) as too high have an option to revert to the original method requirements. In any event, the error rate will drop as the dictionary is updated to become more comprehensive. The favourable machine error rate in this survey may well be accepted as justification for Greenwood's concept. No attempt has been made so far to code diagnoses which are age or sex dependent, such as pelvic inflammation (unless the sex is stated in the diagnosis, e.g., female sterility). The machine has been left to 'fail safe' by not coding. Since age and sex are normally included in the administrative data, it would be possible to read this in conjunction with the diagnosis. However, the failure rate for these two causes was very low.
A third form of error occurs when a linkage is required between two or more diagnoses. For example, angina with hypertension is correctly machine coded as 413-0, but where this phrase is presented as two diagnoses, the computer will code angina 413-9 and hypertension 401-. There are reasonable ways of resolving this problem in an operational system, but the manual coder, too, missed some of these linkages (section 2a, Table I ).
One underestimated source of error in this survey was where both machine and manual coder made the same mistake and thus agreed. In practice it was found that this error was virtually restricted to linkage failures which the machine at this stage does not purport to cover. Since a high proportion of manual coders ignored the linkage rules, and because electronic data processing will be increasingly used in the future, it may be that future revisions of the ICD should ignore or simplify such linkages and rely on machine methods for retrieving linkages and combinations.
The number of cases where the computer failed to code because of shortages in the dictionary will clearly diminish with further updating but there are some rare or unorthodox diagnostic expressions which may not be worth updating because the storage involved is not used frequently enough. Operational experience will clarify this situation, but it is always anticipated that expert manual assistance will be required in a small proportion of cases, leaving bulk routine coding to the machine, which, incidentally, will also code patients' occupations etc. from the same dictionary. No occupation encountered so far is confused with a diagnosis.
In this trial, one difficulty which was encountered was that of abbreviations such as M V D A V D (mitral valve disease, aortic valve disease), partly because this specific terminology was not in the dictionary, but also because there are some difficulties in coding this expression (using the Greenwood 'best fit' concept) which the machine regards as six one-letter words. Downdating the dictionary will ensure that the miscoding which arose from abbreviations ( primary one, or a misplacement, could conceivably have altered the coding. Part of the discrepancy between these two studies may have arisen from different sampling methods; Lockwood's sample was taken as 'representative of all specialties' from hospitals of 100 or more beds, whereas this stfidy derived from a random sample of hospital discharges during the first seven months of 1968. Nevertheless, the differences found between these two studies appear to be too large to be entirely explained in this way. As a result, with the co-operation of Dr. M. A. Heasman, a further study was carried out. A subsample of 500 S.M.R. 1 forms drawn from the 25,000 used in this study, and a similar-sized sample of 1971 forms was examined and checked by an experienced manual coder. (Forms relating to intervening years were not available as they are destroyed after punching.) Discrepancies between the hospital codes and those found on checking were then categorized (Table III) gives standardized coding which can be monitored automatically.
Of the cases with incorrect coding, one case in 1968 and five in 1971 involved a three-digit code number which was inadvertently right-adjusted in a four-digit punched card field. These cases would subsequently be rejected by the standard computer feasibility check.
If the 'possibly correct' and 'probably incorrect' items from Table Ill are regarded pessimistically as all demonstrating coding errors and are combined, then a maximum sample error for manual coders is obtained (Table IV) . Similarly, scrutiny of these maximum sample errors for classification into serious errors and minor errors (e.g., fourth digit errors, poor descriptions, etc.) then the number of major errors was only 26 in the 1968 subsample and 8 in the 1971 sample (Table IV) . The 1971 sample of major errors reveals a situation very similar to that described by Lockwood (1971) . Equally, the computer error rate is largely made up of fourth digit errors which will rapidly decline with operational experience and with dictionary updating.
Between 1968 and 1969 (and hence 1971) two important changes occurred in Scottish hospital inpatient statistics. Computer printout on feasibility and validity checks was returned to hospitals together with appropriate forms for correction; secondly, data relating to individual consultants were distributed (Heasman, 1970; Heasman and Carstairs, 1971) . These changes could be expected to have had a salutary effect on hospital coding. Further, training courses for medical records staff were instituted by the Scottish Administrative Staffs Committee in 1969.
However, a very probable reason for differences between the main part of this study and Lockwood's findings is that this survey used data from the first seven months of 1968, the year of introduction of the 8th revision of ICD. During this period coders were using the tabular list only, since the index volume was not available and did not reach Scottish hospitals until July 1969. It was, however, in use during the period of Lockwood's study. This explanation must be somewhat speculative, and would require a more definite study to ascertain the present standard in Scottish hospitals, but it is almost and that some of the writing on the forms was quite atrocious. However, it is equally clear from this survey that given some control over the standard of input, particularly of spelling and of abbreviations, the fruit machine system will code 95% of diagnoses of the variety encountered, with a progressively low error rate after operational experience. Howell (1970) has said 'I think that automatic coding will really prove its worth when optical character recognition (OCR) is developed a little further'. The experience of this survey tends to re-inforce this view. If the S.M.R.1 were typed by a medical secretary, then not only could carbon copies provide common information as part of the hospital summary sheet and the letter to the general practitioner, but the original would give OCR input, thus obviating not only the cost of manual coding but also the cost of punching and verifying cards. However, the cost of OCR in this type of exercise is not yet established, but consistency of the machine system may be the paramount consideration. Baldwin (1971) has found with hospital discharge data and manual coding that OCR is economic provided that both the OCR machine and the application are carefully chosen. SUMMARY A comparison has been made of the effectiveness of computerized and manual methods of coding diagnoses in a sample of just over 25,000 discharges from Scottish hospitals. Machine coding gave correct coding in 92% of discharges compared with 83% by manual methods. Of all cases 17% were wrongly coded by manual methods as opposed to a comparable figure of 3 % for machine coding. Since 1968 there is evidence that this manual error rate in Scotland has fallen considerably, and reasons for this are discussed. The computer failed to code nearly 5% of the diagnoses.
The results obtained suggest that for large-scale coding of hospital morbidity data, central machine coding has distinct advantages over local manual coding. The value of automatic monitoring in a machine system should not be overlooked. The advantages of optical character recognition input are also discussed.
There were no unexpected or unexplained failures of method in machine coding, which, unlike manual coding, was entirely consistent in returning the same code number for a particular form of diagnostic terminology.
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